SUPPLEMENTARY METHODS
Setup of TIRF microscope. We built an objective-type total internal reflection fluorescence (TIRF) microscope on the IX71 platform (Olympus) for smFRET measurements, per methods described in the literature (1,2). The beam from a 532-nm green laser (75 mW, CL532-075-L, CrystaLaser) was attenuated by a half-wave plate and a beam splitter before expanded 10 through a pair of convex lenses. A 2-inch iris was installed to cut the blur rim of the expanded Gaussian beam, which was focused on the back focal plane of a 100 oil immersion objective (UAPON 100XOTIRF, NA = 1.49, Olympus) by a 2-inch diameter, 300-mm focal-length convex lens. The lens position was adjusted to tune the reflection angle to optimize the signal-to-noise ratio of fluorescence. In the microscope, the emitted light was separated from the excitation beam by a dichroic mirror (FF562-Di03-25x36, Semrock) and then passed through a dual-band emission filter (FF01-577/690-25, Semrock). A homebuild dual view system, containing another dichroic mirror (FF650-Di01-25x36, Semrock), was used to separate the signals from donor and acceptor dyes, which were imaged on an EMCCD camera (iXon DU-897D, Andor). Figure S2 . Experimental setup for optical tweezers. An RNA structure of interest was flanked by two handles of RNA/DNA duplexes, which were immobilized on the surface of two polystyrene beads (2.1 m in diameter) through digoxigenin/anti-digoxigenin antibody (top) and biotin/streptavidin (bottom) interactions. The top bead was trapped by laser beams and the bottom bead was fixed on a micropipette. The trap was moved at a rate of 100 nm/s upwards to unfold the structure or downwards to let it refold. When pulled, the native pseudoknot shall experience the tension mainly along the axis of the two stems. By contrast, the opening end of the hairpin component is to be unzipped directly when a bimolecular pseudoknot is pulled (right panel). 
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